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INTERACTIVE TOPOLOGY GRAPHS FOR 
VISUALIZATION AND CHARACTERIZATION OF 
SONET CONSUMPTION PATTERNS 

Background 

The present invention relates generally to telecommunications and more 
particularly, to a system and method for monitoring telecommunication netwrork 
activities. 

It is often desired to monitor specific activities of various aspects of a 
telecommunication network. Traditionally, the monitoring has been hardvs^are 
specific. For example, a monitoring system can show if a node or link in a network is 
up or down, and can set off alarms accordingly. Such monitoring works well with a 
realtime analysis of the hardware in the network. 

However, it is often desired to monitor other aspects of the network. Consider 
for example a synchronized optical network (a "SONET") ring or chain. SONET was 
proposed by Bellcore in the middle 1980s as a standard for connecting fiber-optic 
transmission systems. SONET defines interface standards at the physical layer, 
including a hierarchy of interface rates that allow data streams at different rates to 
be multiplexed. SONET establishes Optical Carrier ("OC") levels, or speeds. Typical 



Attorney Docket No.: 28787.3 

OC levels include OC-1 for 51.85 Mbps, OC-3 for 155.52 Mbps, OC-12 for 622.08 
Mbps, OC-24 for 1.244 Gbps, OC-48 for 2.488 Gbps, and OC-192 for 9.9532 Gbps. 

One way to track facility assignments and equipment inventory in a SONET 
ring or chain is to use a system called the Trunks Integrated Record Keeping System 
5 ("TIRKS"). TIRKS is commonly used to help a regional bell operating company 
("RBOC") determine if facilities exist to provide service, track order completion, 
fulfill circuit orders, and perform inventory planning. 

Although TIRKS provides a great detail of information, the method of 
acquiring the information is very long and tedious. For example, in order to retrieve 
10. information such as consumption patterns of a SONET ring or chain, many steps 

must be performed on TIRKS. The information provided by TIRKS is in a raw-data 
format, and must be manually complied into a tabular form to represent the desired 

hi' I 

P'l information. For a typical SONET ring, this process takes between two to six hours. 
Ijf What is desired is a system and method that allows a user to quickly determine 

15 the status of the SONET ring. This status can be related to such things as available 
5^ bandwidth and other consumption-related items. 

Furthermore, what is desired is an interactive system and method for 
9 monitoring a network's status. 

Further still, what is desired is a system and method that can provide a great 
20 deal of information about a network to a user. The information should be provided 
in a usable fashion, and should be responsive to user specific information for desired 
components of the network. 

Furthermore, what is desired is a system and method for monitoring a 
network's status in a very fast manner, as compared to conventional techniques such 
25 as running a TIRKS online report facility. 
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Brief Description of the Drawings 

Fig. 1 is a simplified description of several typical SONET rings and a monitor 
system according to one or more embodiments of the present invention. 

Fig. 2 illustrates a computer system for use with the monitoring system of Fig. 

1. 

Figs. 3-5 provide screen shots, such as from the computer system of Fig. 2, that 
illustrate different embodiments of the present invention. 

Fig. 6 is one embodiment of a simplified flow chart that illustrates one 
embodiment of a software program for implementing features of the present 
invention. 

Fig. 7 is a simplified flow chart that illustrates another embodiment of a 
software program for implementing features of the present invention, including 
creating the screen shots of Figs. 3-5. 

Detailed Description 

The present disclosure relates to monitoring systems, such as can be used in a 
synchronized optical network ("SONET") ring. It is understood, however, that the 
following disclosure provides many different embodiments, or examples, for 
implementing different features of the invention. Specific examples of components 
and arrangements are described below to simplify the present disclosure. These are, 
of course, merely examples and are not intended to limit the invention from that 
described in the claims. 

The following disclosure is divided into three different sections. First of all, an 
exemplary network and system is provided. The exemplary network identifies two 
telecommunication networks that may benefit from the present invention, and the 
exemplary system provides an example of a system for providing a graphical user 
interface for monitoring either or both of the networks. Secondly, a plurality of 
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screen shots are provided for illustrating the graphical user interface. Thirdly, an 
exemplary software routine is discussed for implementing one embodiment of the 
graphical user interface. 

5 Exemplary Network and System 

Referring to Fig. 1, the reference numerals 10 and 12 designate, in general, 
two simplified SONET rings. The SONET rings 10, 12 include a plurality of nodes 14 
and a plurality of available bandwidth (generically described as links) 16. Some of 
the nodes exist in both rings 10, 12, and are therefore considered hubs. It is 
10 understood that there are various types of nodes, and that the present description is 
Cfl not limited to any particular type. Any node 14 may be representative of a single 
rfii component, a single facility, or a larger group of components and links. In the 
s^ij present example, each node includes a plurality of terminations where a service 
0;^ enters or exits the SONET ring 10, 12, In continuance of the example, the nodes 14 
1§1 are designated OC-48, and therefore each node has a potential of 48 "drop ports." 
Also, it is understood that there are many tj^es of links, with each link having 
2^^ various potentially available bandwidths. 

41 Referring also to Fig. 2, a monitoring system 20 may be connected to one or 

more nodes of the networks 10, 12. In one embodiment, the monitoring system 20 

20 includes a personal computer 21 with a graphics display 22, a control unit 24, and 

user inputs 26 such as a keyboard and pointer device. The computer 21 is connected 
through a log-on connection 30 to a file server 32, which also includes hardware 
components found in a typical server computer. The file server 32 is further 
connected to an inventory system 34, such as the TIRKS system discussed above. It 

25 is well known by those of ordinary skill in the art that various implementations can 
exist for the monitoring system 20. For example, in some implementations, the 
monitoring system 20 may include a larger, mainframe-type computer that is either 
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locally or remotely accessible by a terminal or personal computer. In other 
implementations, the monitoring system 20 may include a series of computers. In 
still other implementations, the monitoring system may include or utilize a series of 
adjunct processors to one or more of the nodes 14. 

The monitoring system 20 can perform various software routines that can 
produce a series of graphical output images. The images are arranged in a unique 
way to illustrate the status of the SONET ring 10. For example, the images can 
locate a spare node from among the various nodes of the SONET ring 10. The 
images can identify usage patterns between two or more nodes. Furthermore, the 
images can help identify spare bandwidths available. The images are discussed and 
illustrated below by providing several screen shots, such as may appear on the 
graphics display 22. 

Exemplary Screen Shots 

The following discussion is directed to a graphical user interface comprising 
several different images. Since the images are djniamic and interactive, screen shots 
of the images will be further discussed. The screen shots relate to exemplary 
situations of a SONET ring, such as the network 10 or 12 of Fig. 1, at a single 
moment in time. It is understood that different portions of the screen shots can be 
combined in various manners to produce even more examples of the graphical user 
interface. 

Referring also to Fig. 3, a screen shot 100 can be used to illustrate a current 
condition of a SONET ring on the display of a monitoring system. The screen 100 is 
divided into three main areas: a SONET ring area 102, a link area 104, and a node 
area 106. The main areas can be further divided, as necessary. For example, in the 
screen 100, the node area 106 includes a node detail area 106a. 
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Referring to the SONET ring area 102, a pictorial description of a SONET ring 
being monitored is displayed in a circular configuration 110. One benefit of the 
present embodiment is that many nodes and links can be simultaneously displayed. 
To illustrate this benefit, the SONET ring to be displayed will be larger than those 
5 illustrated in Fig. 1, with many more nodes and links. 

The ring configuration 110 includes eleven nodes N1-N8 and N10-N12 and a 
plurality of links LI - L24 between the nodes for the SONET ring. (Note that node 
N8 is connected to node NIO. A node N9 is skipped for future expansion). The 
specific links LI - L24 are chosen and highlighted by pull down menus 112. In the 
10 present example, the configuration 110 illustrates the links LI - L24 between each of 
1 the nodes N1-N12. 

0"[ Several of the nodes N1-N8 and N10-N12 serve as hubs. In the present 

m . example, a legend 114 identifies that nodes N2, N3, N4, N6, N7, N8, Nil, and N12 
rtj are hubs. The legend 114 also assigns specific colors to the various nodes and links to 
15"' indicate a status for each. In Figs. 3-5, different colors are illustrated with different 
0 line styles or hatchings. A first color 114a indicates that a specific link or node is 
rtj consumed. A second color 114b indicates that a specific link or node is available. The 

nodes can have additional states, such as restricted 114c, pending 114d, and other 
C5 114e. In addition, a mismatch between two nodes can be quickly identified. For 
20 example, if one of the links between nodes N2 and N3 is inventoried differently in the 
two nodes, a mismatch would occur. As such, a status of each node and link can be 
immediately determined by a user's quick perusal of the ring configuration 110. 

On several links there is an indicator 120. The indicator signifies that service 
on the corresponding link is dropping at that node. The link is therefore consuming 
25 one of the drop ports at the corresponding node. For example, there are 13 links 
dropping at node N2 and 32 links dropping at node N3. The links without the 
indicator 120 illustrate service that is passing through that node to another node. 
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For example, at node N3, link L4 passes straight through. Instead, link L4 goes 
between (and consumes drop ports at) node N2 and node N4. 

In addition to the information provided in the SONET ring area 102, more 
detailed information can be provided for a specific node. In the example illustrated in 
5 Fig. 3, the node Nl has been "selected" for additional information. The selection 
process can be performed by using the input devices 26 described above, with 
reference to Fig. 2, or may be selected by the monitor system 20. 

Referring to the link area 104, link information for the selected node is 
provided in a series of columns: SYS Num, Direction, Usage, Detail, and Riding OC. 
10 The column SYS Num provides a list of all the selected links from the pull-down 

menu 112. The columns Direction, Usage, and Detail provide directions east (E) or 
west (W) that identify the link and describe the service provided by the corresponding 
link. The column Riding OC describes other systems riding on the corresponding 
ny drop ports. For example, the links LI - L3 east and west are T3's. T3's are 
iS' synchronous digital carriers used to transmit a formatted digital signal at 45Mb/s. 

Referring to the node area 106, information for the selected node is provided in 

nJ a series of columns: Mapped, HECI, Relay, Total, Spare, and Restricted. The 

J] 

53 Mapped, Relay, Total Spare, and Restricted columns describe the various drop ports 
associated with the node. The HECI column identifies a human equipment common 

20 interface (HECI) value. The HECI value provides a summary of specific usage of a 
particular unit. The HECI value can be provided in greater detail in the node detail 
area 106a, when such information is available. 

As discussed above, in the present example, node Nl is the selected node, but 
additional information may be desired for one of the non-selected nodes. To find the 

25 additional information, the pointer device 26 (Fig. 2) is positioned over a node. In the 
present example, the pointer device 26 is positioned over node Nil. As a result, a 
window 122 appears with additional information for node Nil. In the example 
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shown in Fig. 3, the window 122 indicates that node Nil is a central office identified 
as DLMRCA12, with a Relay value of 010131.14. The relay has 19 working (W) drop 
ports, 1 restricted (X) drop port, and 4 spare (S) drop ports. Node Nil is also a hub 
node (reference number NSH61A), and may therefore connect to one or more 
5 additional networks. 

Referring now to Fig. 4, a screen shot 130 illustrates bandwidth usage patterns 
in an interactive manner. A pull-down menu 132 is used to select two nodes in a 
specific sequence, and a pull-down menu 134 is used to identify bandwidth usage. For 
the sake of example, the bandwidth usage patterns from node N3 to node NIO is 
1©- illustrated. 

In this example, links L3, L5, L15, and L16 are highlighted as the available 
S'J links between node N3 and node NIO. The links are available because the drop ports 
^ 120 exist on the west side (W) of node N3 and the east side (E) of node NIO. To find 
yt; additional information about a particular link, the pointer device 26 (Fig. 2) can be 
15, positioned over the link. In the present example, the pointer device 26 is positioned 
over link L3. As a result, a window 136 appears with additional information for link 
:| L3. In the example shown in Fig. 4, the window 136 indicates that link L3 is a 
£f working T3 connection between nodes N3 and NIO. It is noted that as illustrated in 
Fig. 4, L3 is a spare link between nodes N6 and N5. 
20 Referring now to Fig. 5, a screen shot 140 identifies spare links in an 

interactive manner. A pull-down menu 142 is used to select all the links, and a pull- 
down menu 144 is used to identify a specific status of the links. For the sake of 
example, all of the spare links are to be identified. 

In this example, many links between various nodes are identified. The 
25 identified links are spares because there are no drop ports on either side. To find 
additional information about a particular link, the pointer device 26 (Fig. 2) can be 
positioned over the link. In the present example, the pointer device 26 is positioned 
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over link L13. As a result, a window 146 appears with additional information for link 
LIS. In the example shown in Fig. 4, the window 146 indicates that link LIS is a 
spare. 

The screen shot 140 also illustrates how a user can select a specific link. Pull- 
down menus 148, 150 are used to identify the link, accordingly. For the sake of 
example, link LIS is identified. 

In this example, the link is in use between the node N5 to NS, NS to NIO, NIO 
to N8, and N8 to N6. The link LIS is available (spare) between nodes N6 and N5. In 
addition to the color scheme provided, the pointer device 26 can be positioned to 
identify more information about that link. In the present example, the pointer device 
26 is positioned over link LS between nodes N7 and N6. As a result, a window 152 
appears with additional information for link LIS. In the example shown in Fig. 4, 
the window 152 indicates that link LS is a working TS link. 
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Software Description 

Referring now to Fig. 6, a computer program 180 can be used for visualizing 
and characterizing at least a portion of a SONET ring, such as the rings 10, 12 of Fig. 
1. Execution begins at step 182, where one or more menus are provided from which a 
user may specify specific components of the SONET ring. At step 184, a graphical 
representation of the SONET ring illustrating each node and link of the SONET ring 
specified by the user is calculated and drawn. At step 186, a user selection for 
identifying one node of the SONET ring is received. At step 188, an inventory system 
such as TIRKS is accessed for data related to the user selection. At step 190, detailed 
information about the selected node is displayed. 

Referring now to Fig. 7, another software routine 200 can be implemented to 
visualize and characterize a portion of a SONET ring, such as the rings 10, 12 of Fig. 
1. The software routine 200 can provide the above described screen shots 100, 130, 
140 of Figs. 3-5 on the monitor system 20. Execution begins at step 202 where a first 
stage of user input is provided, such as the pull-down menus 112, 132-134, 142-144, 
and 148-150 of Fig. 3-5. In this way, a user can select specific nodes for a specific size 
of display. It is understood that as more nodes and links are selected, the granularity 
of the information provided will also increase. It is further understood that generic 
aspects of a graphical user interface (GUI), such as pull-down menus, are well 
understood by those of ordinary skill in the art. 

At step 203, the user can choose between two different operations of the 
routine 200. A visualization process (discussed in steps 204-214, below) is a look-up 
and read process. This allows the user to quickly and easily determine the status of a 
SONET ring using one or more of the screen shots 100, 130, 140 discussed above. A 
review process (discussed in steps 220-230, below) is an automatically updated, 
periodic monitor of one or more SONET rings. 
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The visualization process begins at step 204, where a user selection is received. 
The user selection at this step of the process 200 is for determining the configuration 
for the SONET ring to be displayed. 

At step 206, a series of calculations and/or data queries are performed. Since 
the data queries often take a relatively long time (as compared to the calculations), 
these queries may be initiated first. For example, one or more queries can be 
implemented using TIRKS. The various nodes and links that have been specified are 
then queried and the information is returned. 

Several calculations may be performed concurrently with the data queries. For 
example, the size and shape of the configuration for the SONET ring may be 
determined (e.g., ring configuration 110 of Fig. 3). In the embodiments of Figs. 3-5, it 
is desired that the SONET ring be configured in a circle, with evenly spaced nodes 
and links. Once the nodes and links are drawn, their color (or other aspect) is drawn 
according to the query results and a predetermined legend, such as the legend 114 of 
Fig. 3, is provided. 

At step 208, a response is made to a selected link or node. In the examples of 
Figs. 3-5, node Nl is a default selection, but the user can select another node using 
the pointer device 26. . Once selected, execution proceeds to step 210 where additional 
information is provided for the selected node and corresponding links. In the 
examples of Figs. 3-5, this information is provided in the link area 104 and the node 
area 106. 

Upon completion of steps 208-210 (or prior to their completion), execution 
proceeds to step 212 where a response is made to a link or node identified using the 
pointer device 26. In the present embodiment, the identification of a link or node 
made at step 208 is different than that made at step 212. For example, in step 208, 
the link or node can be selected by "clicking" the pointer device or pressing an 
appropriated key on a keyboard. In step 212, the link or node is identified by merely 
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positioning the pointer device over the corresponding component. Once identified, 
execution proceeds to step 214 where additional information is provided for the 
selected component. In the examples of Figs. 3-5, this information is provided in pop- 
up windows 122, 136, 146, and 152. Execution then returns to step 202 for additional 

5 user selection. 

The review process begins at step 220, where a series of calculations and/or 
data queries are performed. Since the data queries often take a relatively long time 
(as compared to the calculations), these queries may be initiated first. For example, 
one or more queries can be implemented using TIRKS. The various nodes and links 
10 that have been specified are then queried and the information is returned. Several 

W calculations may be performed concurrently with the data queries. 

01 At step 222, a link exhaust calculation is made. The link exhaust calculation is 

made by examining a usage trend (e.g., from the previous 12 months) and the 

z: amount of spare bandwidth (from the spare links), to predict when the network will 
be exhausted. 

gi At step 224, each link and node is reviewed. The review may consider the 

31 different technologies (e.g., OC-3, OC-12, TS3) of the components, as identified by a 
^ stored reference value (e.g., in the server 32 of the monitor system 20). Each 
Q technology can be detected and tracked, and exhaust conditions can be thereby 
20 determined. The information may then be presented to the user, such as through a 
demand and capacity (D&C) chart on the display 22. 

At step 226, a determination is made as to whether the user has modified any 
preset values. For example, the user may modify a technology type for a component, 
may change a predefined exhaust condition (e.g., from 20% to 10% spare), and so 
25 forth. If the user does make modifications, execution returns to step 220. 

At step 228, the user can be notified in other manners. For example, the file 
server 32 can send an e-mail to the user notifying any upcoming exhaust conditions. 
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At step 230, the review process may be performed on an automatic, cyclic basis. 
For example, the review process may be performed every week. To illustrate this 
process, the flow chart of Fig. 7 illustrates execution returns to step 220. If an 
automatic process is not desired, execution returns to step 202. 

It is understood that the process 200 is illustrated in a top-down flow chart to 
provide a simple and clear description. In actuality, many steps may be performed 
simultaneously, and may actually be performed by different nodes and/or different 
components of the monitor system 20 and the SONET ring 10. Such processing 
distribution is well known to those of ordinary skill in the art. 

Conclusion 

Thus, there is disclosed a system and method for providing interactive topology 
graphs for visualization and characterization of SONET consumption patterns. In 
some embodiments, the system and method allow a user to quickly determine the 
status of the SONET ring. This status can be related to such things as available 
bandwidth and other consumption-related items. The system may be interactive, and 
can quickly provide specific information without providing superfluous or 
unnecessary information to the user. In addition, implementations of the various 
embodiments described above can be performed very quickly, as compared to 
conventional techniques, such as running a TIRKS online report facility. 

While the invention has been particularly shown and described with reference 
to the preferred embodiment thereof, it will be understood by those skilled in the art 
that various changes in form and detail may be made therein without departing form 
the spirit and scope of the invention. 
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